Nine patients were anaesthetized with halothane in oxygen using a closed-circle circuit with a Benedict-Roth spirometer substituted for the reservoir bag. The movements of the spirometer were recorded to enable the oxygen consumption and respiratory pattern to be measured continuously before surgery commenced. Increasing concentrations of halothane produced progressive decreases in oxygen uptake and in the tidal and minute volumes, but an increase in the respiratory rate.
These studies were designed to measure changes in oxygen consumption continuously and at different levels of halothane anaesthesia in man. The limited literature on this subject has produced conflicting data; for example, Theye and Tuohy (1964) showed no change, and Severinghaus and Cullen (1958) a reduction, in oxygen consumption with increasing concentrations of halothane. Both groups of investigators used the Douglas bag method of collecting expired air, the volume and composition of which were compared with the inspired gases. In the present investigation the simpler and more direct method of closed circuit spirometry developed by Payne and Beswick (1954) for studies in cats was used. This enabled minute-by-minute observations of oxygen consumption and respiratory movements to be made, and was not subject to error from uptake of anaesthetic gases by the patient. In addition, our observations were made on unpremedicated patients before surgery commenced.
MATERIAL AND METHOD
Nine male patients aged 17-70 yr were studied before urological surgery was begun. Consent was obtained before operation and no premedication was given. No patient was taking any type of medication.
Anaesthesia was induced with thiopentone 5 mg/ kg given i.v., followed by suxamethonium 75 mg for endotracheal intubation. After 15 min of exposure to oxygen and halothane on a Magill semi-closed circuit, the patients were connected to a closed circle system (Boyle Mark III) which had been flushed with oxygen, and which contained a soda-lime absorber, a Goldman vaporizer in the circuit (V.I.C.) and a Benedict-Roth spirometer in place of the reservoir bag ( fig. 1) .
The gases in the circuit were measured by continuous sampling through a nylon catheter passed into the trachea; the sample was passed through a paramagnetic oxygen analyser, a Uras III infra-red carbon dioxide analyser and a Hook & Tucker halothane meter, before being returned to the circuit. The outputs from the carbon dioxide analyser and from the transducer attached to the spirometer were fed to a Brush-Clevite recorder. The record was calibrated against the spirometer scale so that the degree of filling and emptying could be measured accurately. Volume changes in the circuit measured by the spirometer were in turn checked by a master syringe of 500-ml capacity. The gas analysers were calibrated with gases of known composition.
Oxygen was fed into the circuit through a rotameter calibrated to give flows from 30 to 350 ml and accurate to the nearest ml at 20°C. The flow was set to the estimated oxygen uptake, and the volume change in the spirometer added to or subtracted from this flow then gave the oxygen consumption. Readings were taken over 4-min periods and adjustments were made if the percentage of carbon dioxide in the circuit changed during this time. In practice, these changes were never greater than 0.5% in 4 min, and on the assumption that the total volume in the circuit and lungs was approximately 8 litre the correction needed was never more than 10 ml/min. The halothane and oxygen concentrations in the circuit were recorded every 4 min, together with the patient's heart rate, arterial pressure and nasopharyngeal temperature. The respiratory volume and rate were obtained by analysing the respiratory trace. The monitoring of the halothane concentration permitted continuous control of the anaesthetic depth by adjusting the vaporizer setting. This is not possible with intermittent blood analysis.
RESULTS
The results from the whole group are shown in table I. The initial measurement of oxygen consumption was obtained after each patient was settled for 30 min at the lowest practical concentration of halothane, which was in every case between 0.5% and 1%. These initial values were 5% below the mean values predicted for the basal resting state from the surface area by Nunn and Matthews (1959) (range +7% to -26%).
Subsequent measurements of oxygen consumption were obtained after anaesthesia was maintained at the new halothane concentration for at least 10 min. These values were calculated as a percentage of the initial values, and then plotted against the halothane concentration at which they were obtained ( fig. 2) . In every patient a decrease in oxygen uptake occurred as the halothane concentration increased, and a highly significant correlation (P<0.001) was revealed when these values were analysed. The oxygen consumption increased again when the halothane concentration was reduced, and in some cases exceeded the initial values.
Each percentage increase in halothane concentration produced a significant reduction (P<0.01) in oxygen uptake when pairs of values from each patient were subjected to Student t test. However, values between 4% and 5% were not significantly different from those between 3% and 4% when pairs of values at these levels were tested, and there was some evidence that the reduction in oxygen consumption was less at these high halothane concentrations.
One patient (T.B.) was given atropine 1 mg i.v., and this resulted in a 14.7% increase in oxygen uptake, another patient (M.D.) was given pethidine 25 mg i.v., which produced a slight decrease of 2.7% in oxygen consumption. The induction of apnoea with suxamethonium produced no appreciable change in oxygen consumption. The tidal and minute volume (figs. 3 and 4) declined steadily from the initial values as the halothane concentration was increased, to become virtually negligible in patients receiving 4.5%. The end-tidal carbon dioxide was increasing steadily at high halothane concentrations and reached 9% during the inspiration of 4% halothane. These values returned to the initial figures as the halothane concentration was reduced. The respiratory rate increased consistently as the halothane concentration was increased and exceeded the initial value by 40% with 4% halothane. In one 17-year-old boy, the rate increased to 50/min. The heart rate and arterial pressure both decreased as the halothane concentration increased, but the nasopharyngeal temperature did not decrease more than 0.2°C in any patient.
DISCUSSION

Technique.
The method of measuring oxygen consumption deserves some preliminary discussion. Readings on the spirometer could be made to the nearest 2 ml, and within this limit it was not possible to demonstrate any volume losses as a result of compression or inertia when a master syringe was substituted for the lungs.
The uptake of oxygen and halothane by the water seal in the spirometer was assessed first by leaving the spirometer filled with 5% halothane in oxygen for 24 hr and second, by performing 30 min simulated respiration with this mixture. In neither case was the uptake significant: 20 ml of the 5% halothane in oxygen mixture was lost in 24 hr, while no measurable loss occurred in the 30-min period.
The gases and vapours which might have produced errors in the technique are nitrogen, carbon dioxide, halothane and water vapour. The halothane concentrations could be monitored and kept constant by adjusting the vaporizer setting, the carbon dioxide could be monitored also and the highest points on the trace obtained during expiration represented the end-tidal carbon dioxide, while the lowest points obtained during inspiration were the carbon dioxide concentration in the circuit. Adjustments could be made for changes in these concentrations. The gases in the circuit quickly became saturated with water vapour from the patient and the spirometer, so that this presented no serious problem. Small amounts of nitrogen would be expired from the patient's body stores even after the lungs had been washed out with oxygen, but this amount would decline with time. Moreover the error introduced is very small, since the alveolar nitrogen concentration after breathing oxygen for 7 min is 0.52 + 0.14% (Cohen, Hemingway and Hemingway, 1959) . The oxygen concentration in the circuit tended to stabilize above 80% and varied with the concentration of carbon dioxide. The percentage distribution of the remaining gases and vapours was 4-9% carbon dioxide, 6% water vapour and 1-4% halothane.
Therefore, the method was acceptable for use with this particular form of anaesthesia.
Oxygen consumption.
Oxygen consumption under anaesthesia in man has been observed to decrease below levels measured before operation and below levels predicted for basal metabolism (Shackman, Graber and Redwood, 1951; Severinghaus and Cullen, 1958; Nunn and Matthews, 1959) . Consumption before operation will vary with the degree of premedication or anxiety and this value was not used in our study (Jennett, Barker and Forrest, 1968; Black, 1971) . The predicted consumption is based on tables that relate surface area to the oxygen uptake, and has not proved to be very accurate. Indeed, Wedgewood and his associates (1953) have pointed out that there may be a closer relationship with the extracellular volume than with the surface area. Our results, which show some variation from the predicted values, reinforce the observation of Wedgewood and his colleagues. To overcome these problems, it was decided to use the initial level of oxygen consumption after anaesthesia had been stabilized on the minimum practical halothane concentration, as the basis for comparison with other halothane concentrations.
There are few studies of changes in oxygen consumption at different levels of anaesthesia. Shackman, Graber and Redwood (1951) reported that changes in tidal volume did not affect oxygen consumption during cyclopropane anaesthesia, while Theye and Tuohy (1964) claimed that, in patients ventilated artificially, the highest oxygen uptake was associated with the highest halothane concentration and vice-versa. However, in later canine experiments, Theye and Sessler (1967) demonstrated that a reduction in oxygen uptake occurred with deeper levels of anaesthesia.
Our findings support this conclusion in man. Mean reductions of 44 ml/min which corresponded to 19% reduction of oxygen uptake were usual when the halothane concentration was increased from 1% to 4% (table II) . Figure 5 is a photograph of the trace obtained from a patient (C.W.) showing the decrease in oxygen consumption with increasing depth of anaesthesia. The cause of this decrease is not obvious. The accompanying reduction in respiratory minute volume does not explain this change, because the oxygen cost of breathing at rest is no more than 4 ml/min (Campbell, 1961) . The heart uses about 40 ml/min and although there is a reduction in cardiac work, as indicated by a reduction in heart rate and arterial pressure, The percentage change is highly significant (P< 0.001). showing a decrease in oxygen consumption and tidal volume, and an increase in end-tidal carbon dioxide with increasing concentrations of halothane. Trace reads from right to left. Oxygen was fed into the circuit at a rate of 250 ml/min to obtain a horizontal trace. Any deviation upwards represents more consumption (spirometer emptying), whereas downward deviation represents less consumption (spirometer filling).
this reduction is not sufficient to account for the change in oxygen consumption. It appears that a slight reduction in metabolism below basal levels occurs, since Holmdahl and Payne (1960) found no evidence of anaerobic metabolism. This was proved by the absence of significant changes in standard bicarbonate in spite of a steady increase in arterial carbon dioxide tension and a decrease in arterial pH during inhalation of halothane with maintenance of spontaneous respiration. The higher recovery values of oxygen consumption observed in some patients might be a result of the declining effect of thiopentone.
Respiratory pattern.
The respiratory effects of halothane in the absence of surgery and nitrous oxide are very striking. The tidal volume declines steadily as the halothane concentration is increased until, at a concentration around 5%, the movement of gases into and out of the lungs virtually ceases, although small panting movements can still be observed. At the same time, the respiratory rate increases slowly to reach about 1.5 times the initial rate. The end-tidal carbon dioxide which mirrors the arterial carbon dioxide (Collier, Affeldt and Farr, 1955) 
SUMAMO
Se anestesiaron nueve pacientes con halotano en exigeno empleando un circuito circular cerrado con un espirtmetro Benedict-Roth que sustituyo la bolsa de dep6sito. Se registraron los movimientos del espir6metro para permitir la medicion continua del consumo de oxigeno y la norma respiratoria antes de comenzar la cirugia. Concentraciones cada vez mayores de halotano produjeron descensos progresivos en el consumo de oxigeno y en c los volumenes de flujo y por minuto, pero un aumento de la velocidad respiratoria.
